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The structural evolution of many rifted continental margin sedimentary basins has been strongly affected by the presence of a 

weak and potentially mobile substrate. These weak sedimentary units are often laterally extensive and can deform and flow under the 
differential load of prograding sediments (i.e., gravity spreading). This process can be further subdivided into two categories 
depending on the nature of the substrate. Salt tectonics involves the flow of weak evaporites and associated overburden deformation 
and has significantly affected the evolution of regions such as the Gulf of Mexico, offshore west Africa, and offshore Brazil (e.g., Peel 
et al., 1995; Demercian et al., 1993).  In contrast, shale tectonics involves the mobilization and flow of weak mudrocks (‘shale’), and 
several studies indicate that shale mobilization is often associated with pore fluid pressures that significantly exceed hydrostatic levels 
(e.g., Wu and Bally, 2000). Regions affected by shale tectonics include the Niger Delta, Gulf of Guniea, the Amazon Fan, offshore 
Brazil, and the Baram Delta, offshore Brunei (e.g., Cohen and McClay, 1996; Cobbold et al., 1999, Van Rensbergen and Morley, 2003) 
(Figure 1). 

 
Although gravity spreading above salt and shale can produce similar structures such as counter-regional faulted extensional 

basins, diapiric structures, and deep-water fold and thrust belts, there are significant observable differences. For example, regions 
affected by salt tectonics are often characterized by allochthonous salt sheets that have translated significant distances from their 
autochthonous position and have climbed to higher stratigraphic levels. In contrast, the bulk of the sediments in basins affected by 
shale tectonics typically remains autochthonous or parautochthonous (e.g., Van Rensbergen and Morley, 2003), implying that at the 
basin scale shale is generally much less mobile than salt. 
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Figure 1.  Schematic sections through A) the Niger Delta (compiled from Haack et al., 2000, Briggs et al., 2006, and Knox and Omatsola, 1987) and B) the 
Baram Delta, offshore Brunei (modified from Van Rensbergen and Morley, 2003). 
 

Our present understanding of gravity-driven tectonics is dominated by studies of salt tectonics, including analogue modelling 
and numerical modelling which have greatly improved the understanding of the mechanics of salt tectonic systems. Shale tectonics, 
however, is a far less understood phenomenon and few studies have attempted to explain the mechanics and dynamics of these 
systems (e.g., Morgues and Cobbold, 2003; Albertz et al., in press). Shale tectonics is in many respects a more complex problem 
because consideration must be given to the dynamic relationship between sedimentation, fluid overpressure generation, shale 
mobilization and flow, and overburden deformation. 

 
In this study we use a coupled fluid-mechanical model (Morency et al., 2007) to investigate generic shale tectonic systems. 

This model includes compaction driven Darcy fluid flow calculated dynamically throughout the model evolution. This evolving fluid 
pressure field is coupled to skeleton deformation through the effective pressure and, therefore, the strength of sediments in the model 
is determined in part by the level of the pore fluid pressures.  Here shale is modelled as a Bingham visco-plastic material, as described 
by Albertz et al. (in press). The Bingham shale has finite frictional plastic strength but upon yielding flows viscously.  We use this 
model to investigate the relationship between pore fluid pressure generation in a prograding sedimentary delta, the destabilization of 
the delta when fluid pressures reach a critical value, and the subsequent structural evolution of the delta during gravity spreading. 

 
Figure 2 shows the result of a numerical model designed to approximate progradation of a clastic delta at a rifted continental 

margin. The delta is composed of a sand lithology (shades of gray) deposited on the shelf with time-equivalent shale deposited on the 
slope and abyssal plain (light and dark gray layers). For simplicity no syn-rift sediments are included in the model and the prograding 
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wedge directly overlies crust. Note that although only a small sliver of crust is shown in the plots, the model includes a complete 
crustal model as a basal boundary condition. 

 
As the delta progrades across the model, pore fluid pressure builds until it reaches a value large enough that it puts the material 

at the base of the wedge on yield (Fig. 2; t = 30 Ma).  At this time, the pore fluid pressure are >90% of the lithostatic pressure (Fig. 2 
B). Beyond this point in the model evolution, the delta is unstable and gravity spreading leads to the formation of a proximal 
extensional domain, characterized by landward dipping (counter-regional) normal faults, and a compensating distal fold and thrust belt. 
The extensional basins form diachronously (seaward younging) as shale is squeezed out from beneath them. A domain of thickened 
shale develops beneath the continental slope. 

 
Structural styles similar to those developed in the numerical model (Fig. 2) can be observed in the schematic sections from the 

Niger Delta and the Baram Delta shown in Figure 1. In particular, counter-regional extensional basins and distal fold and thrust belts 
can be observed in both sections and a thickened shale domain comparable to that developed in the numerical model can be observed 
in Figure 1A. Additional results will be presented that illustrate the relationship between sedimentation, margin destabilization, and 
the development of particular structural styles comparable with those observed in nature. The model results will also be used to show 
how the development of the distal fold and thrust belt is a dynamic part of the entire unstable delta system and as such its evolution is 
partly controlled by the nature of landward extension. 
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Figure 2. A) Numerical model evolution of a prograding clastic wedge of shale (light and dark gray) and sandstone (shades of gray). B) Pressure profile 1 (t = 30 
Ma; x = 200 km). C) Pressure profile 2 (t = 40 Ma; x = 350 km).  
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